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Abstract 
We have studied the emission spectra for a single LH2 complex. The observed spectral fluctuations reflect degree of exciton 
delocalization and different strength of exciton-phonon coupling. We compare the measured spectra with calculated ones 
obtained using the model of the B850 ring with two types of uncorrelated static disorder. The positions and spectral shapes of the 
main exciton components are given by the shift of exciton eigenvalues (associated with static disorder) and the effects of phonon 
bath. These effects are dependent on the realization of the disorder and produce different forms of emission profile. Different 
degree of delocalization and coupling to the phonon bath manifests itself in different type of excitation dynamics. 
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1. Introduction 
Initial ultrafast starting phases of photosynthesis in purple bacteria have been thoroughly studied. The most 
common antenna complexes in purple bacteria are the light-harvesting complexes LH1 and LH2. In what follows we 
are dealing with ring-shaped units with nonameric symmetry resembling LH2 rings from purple bacterium 
Rhodopseudomonas acidophila with a strong interaction J between BChl molecules. Our theoretical approach 
therefore considers an extended Frenkel exciton states model. Despite intensive study, the precise role of the protein 
moiety in governing the dynamics of the excited states is still under debate. At room temperature the solvent and 
protein environment fluctuate with characteristic time scales ranging from femtoseconds to nanoseconds. The 
simplest approach is to work with the dynamic and static disorder. 
In several steps [1 - 4] we have extended the former investigations of static disorder effect on the anisotropy of 
fluorescence made by Kumble and Hochstrasser [5] and Nagarajan et al. [6] for LH2 rings. We added the effect of 
dynamic disorder by using a quantum master equation in the Markovian [1] and non-Markovian limits [3]. We also 
studied influence of four types of the uncorrelated static disorder [2, 4] (Gaussian disorder in local excitation 
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energies, transfer integrals, radial positions of BChls and angular positions of BChls on the ring). Influence of 
correlated static disorder, namely an elliptical deformation of the ring, has been also taken into account [1]. Recently 
we have focused on the time dependence of the anisotropy of fluorescence for the LH4 ring with the uncorrelated 
static disorder [7]. 
Main goal of our present paper is the investigation of the fluorescence spectra for single molecular ring with 18 
molecules and tangentially arranged optical transition dipoles which can simulate B850 ring from LH2. We take into 
account dynamic disorder - interaction with the phonon bath in Markovian approximation as well as two types of 
uncorrelated static disorder (namely local excitation energy fluctuations and transfer integral fluctuations). 
Simulations with different types of static disorder are in progress. 
2. Model 
The Hamiltonian of an exciton in the ideal ring coupled to a bath of harmonic oscillators reads 
 (1) 
 in Eq. (1) represents the exciton, i.e. the system, the operator ( ) creates (annihilates) an exciton at site 
m,  (for ) is the so-called transfer integral between sites  and .  describes the bath of phonons in 
the harmonic approximation. The phonon creation and annihilation operators are denoted by  and , respectively. 
The last term in Eq. (1), , represents the exciton±bath interaction which is assumed to be site±diagonal and 
linear in the bath coordinates. The term  denotes the exciton±phonon coupling constant. Inside one ring the pure 
exciton Hamiltonian  can be diagonalized using the wave vector representation with corresponding delocalized 
"Bloch" states k and energies . Considering homogeneous case with only nearest neighbour transfer matrix 
elements  and using Fourier transformed excitonic operators (Bloch representation) 
, , , the simplest exciton Hamiltonian in k representation reads 
 with . 
Influence of uncorrelated static disorder is modeled by: 
a) the local excitation energy fluctuations  XQFRUUHODWHG *DXVVLDQ GLVWULEXWLRQ VWDQGDUG GHYLDWLRQ ǻ, 
), 
b) the transfer integral fluctuations  (uncorrelated, nearest neighbor approximation, Gaussian distribution, 
standard deviation , ). 
Hamiltonian of the uncorrelated static disorder  adds to the Hamiltonian of the ideal ring. 
For the calculation of spectral responses of the system with exciton-phonon coupling we use the cumulant-
expansion method of Mukamel et al. [8, 9]. We can express absorption OD(Ȧ) and steady-state fluorescence FL(Ȧ) 
as 
  (2) 
Here  is the dipole strength of eigenstate k,  are the expansion coefficients of the eigenstate k in site 
representation, ௞ܲ and  denote steady state population and the inverse lifetime of exciton state [10] which is 
given by the elements of Redfield tensor [11] (a sum of the relaxation rates between exciton states) 
. 
g-function and O-values in Eq. (2) are  
 (3) 
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The matrix of the spectral densities in  the eigenstate (exciton) representation reflects one-exciton 
states coupling to the manifold of nuclear modes. In what follows we use only a diagonal exciton phonon interaction 
in site representation, i.e., we assume only fluctuations of the pigment site energies and we restrict to the completely 
uncorrelated dynamic disorder. In such case each site (i.e. each chromophore) has its own bath completely 
uncoupled from the baths of the other sites. Furthermore it is assumed that these baths have identical properties 
 [2, 10]. After transformation to exciton representation we have 
 .  (4) 
Several models of spectral density of the bath are used in literature [10, 12, 13]. In our present investigation we have 
XVHGWKHPRGHORI.KQDQG0D\>@ 
  
(5) 
which has its maximum at . 
3. Results 
In the present paper we are dealing with calculations of steady state fluorescence spectra for single B850 ring of 
LH2 complex from purple bacteria. Results of our calculations for room and low temperatures averaged over 2000 
realizations of static disorder can be seen in Fig. 1. We have used two above mentioned types of uncorrelated static 
disorder simultaneously with dynamic disorder in Markovian approximation. We compare calculated FL spectra 
with experimental FL profile averaged in time and over the particles [10, 14] at room temperature (Fig. 1.). The 
histograms in Fig. 2 show the peak position distributions of calculated FL spectra for both types of static disorder for 
the same values of parameters as in Fig. 1. 
  (a)              (c) 
 
 
 
 
 
 
 
 
 
 
   (b)              (d) 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Calculated FL spectra averaged over realizations of static disorder (solid lines) and experimental FL profile averaged in time and over the 
particles  (points, from [14]). (a),(b) ± for three values of Gaussian static disorder in local excitation energies ' = 0.1, 0.3 and 0.6 J0, (c),(d) ± for 
three values of Gaussian disorder in transfer integrals 'J = 0.05, 0.15 and 0.3 J0, (a),(c) - room temperature, (b),(d) - low temperature. 
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Fig.2. The peak position distributions of calculated FL spectra. (a),(b) ± for Gaussian static disorder in local excitation energies ' = 0.3 and 0.6 J0 
at low and room temperature, (c),(d) ± for Gaussian static disorder in transfer integrals 'J = 0.15 and 0.3 J0 at low and room temperature. 
4. Conclusions 
Contrary to Novoderezhkin et al. >@ZHKDYHXVHGGLIIHUHQWPRGHORIVSHFWUDOGHQVLW\WKHPRGHORI.hn and 
May [12]) in our calculations. Experimental data [14] are best reproduced with interpigment interaction energy  = 
370 cm-1 and unperturbed transition energy from the ground state 12120 cm-1. Correspondence of our results to 
experimental data is rather better for the static disorder in local excitation energy than for the static disorder in 
transfer integrals (interpigment interaction energies). For low temperature the distributions of peak positions for 
single ring spectra are shifted to the higher wavelengths in comparison with the distributions for room temperature. 
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